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Rutgers Lusscroft Farm - Site of 
Early Nerds in Sussex County, NJ 
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First Galaxies 
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Galaxies Evolve 


Stars 
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Measuring Distance 
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Astronomer's Toolbox #2: 
Doppler Shift - Light 


Continuum Spectrum 


Emission Line Spectr OBJECT RECEDING: OBJECT APPROACHING: 
ain , an LONG RED WAVES SHORT BLUE WAVES 


Absorption Line Spectrum 
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Atoms emit light at discrete 
wavelengths that can be seen 
with a spectroscope 


This “line spectrum" identifies 
the atom and its velocity 





Oct. 13, 2008 Mather Munich 2008 


VELOCITY 


ne DISTANCE CL 


10 PARSECS 2.0° PARSECS 
FIGURE 1 


Oct. 13, 2008 Mather Munich 2008 ID Weiee > 








The Power of Thought 
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Alexander Friedman Georges Lemaitre & Albert Einstein George Gamow 


Robert Herman & Ralph Alpher Rashid Sunyaev Jim Peebles 
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I ASA Big Bang - Cosmic Explosion 13.7 
: billion years ago 


IMPOSSIBLE TO 


DRAW A PICTURE! 


Oct. 13, 2008 Mather Munich 2008 





So what happened? 


Primordial material, possibly infinite 1n every 
dimension 

Small piece of it (10 cm in size’) does 
something quantum mechanical with unknown 
physics 

Rapid expansion, faster than light can keep up 
with, stretches this little bit into whole 
observable universe (cosmic inflation) 
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~ How did the whole observable 
universe fit into that little ball’ 


Space is mostly empty - stars are very very far 
apart 
Atoms are mostly empty - atomic nuclei are very 


tiny compared to size of atoms 

Squeeze very hard, and compression can create 
antimatter and rip quarks apart inside protons and 
neutrons 


Squeeze even harder, and the known laws of 
physics no longer apply - space and time may mix 
into higher dimensions? 
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How did a smooth Big Bang 
make complicated things like us? 


e Gravity is long range attractive force 


— Matter distribution is unstable 
¢ Remove heat, and system heats up more 
e Makes condensed objects (stars, galaxies, etc.) 
¢ Gravitational energy flows support complexity 


e Stars release heat from nuclear reactions 


— Heat & light received by Earth support 
complexity, from weather to photosynthesis 
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Brief History of the Universe 


Galaxy 
assembly 








Galaxies, = 
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Horrendous Space Kablooey - exponential expansion, primordial fluctuations, 
matter/antimatter, dark matter, dark energy, 13.7 + 0.2 billion years ago 


Annihilation of antiparticles, 1 part per billion matter remaining 
Formation of Helium nuclei, 3 minutes, redshift z = 10° 
—  [l+z=size of universe now / size then] 
Formation of neutral gas “recombination”, 389,000 yrs, z=1089 
Population III supermassive stars, super-supernovae, and black holes, z=17 
(age ~ 200 Myr) 
Galaxy formation in small parts, star formation, merging and clustering of 
galaxy parts, until z~1 
Expanding universe begins to accelerate, 5 billion years ago 
Earth and Sun form, 4.5 billion years ago 
Mammals dominant, ~ 55 million years ago 
Humans, lions, tigers, mammoths, 1-2 million years ago 
Telescopes, Galileo, 1609: ~ 400 yr 
Theory of Special Relativity, 100 yr 
NASA founded, Oct. 1, 1958 
Signs of life on other planets ...? 
Far future: we’re toast (1 billion yrs) 
Andromeda Nebula collides with Milky Way (5 billion years) 
Sun goes out (7.6 billion years) 
Universe continues to expand faster, we lose sight of other galaxies 
Universe goes dark? 
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‘Deployable Sun, Earth, 
RF/Thermal Shield 


NASA PP . Cae FIRAS COBE in orbit, 
 - Se pa ae 1989-1994 


DMR Antennas 
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Cosmic Background Spectrum at the North Galactic Pole 
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Sky map from DMR, 
2.7 K +/- 0.003 K 


Doppler Effect of Sun’s 
motion removed (v/c = 0.001) 


Cosmic temperature/density 
variations at 389,000 years, +/- 
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Nobel Prize Press Release 


The Royal Swedish Academy of Sciences has 
decided to award the Nobel Prize in Physics 
for 2006 jointly to John C. Mather, NASA 
Goddard Space Flight Center, Greenbelt, 
MD, USA, and George F. Smoot, 
University of California, Berkeley, CA, 
USA "for their discovery of the blackbody 
form and anisotropy of the cosmic 
microwave background radiation". 
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“Scientists confirmed today that everything we know about the 
structure of the universe 1s wrongedy—WYrOng-WYONg. ra 





, MacArthur Fellow 
Dark Energy! 2008 - Adam Riess 


THE 
ACCELERATING 
UNIVERSE 
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vasa A few big mysteries... 


Why is there matter and no antimatter? 
What 1s dark matter? 

What is dark energy? 

Was Einstein right about relativity? 


How did we get here’? 

— Formation of stars, chemical elements, galaxies, planets, ... 
Are we alone? 

— How did Earth become habitable? 

— Any other places that could support life? 
What happens next? 
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Bran from the first galaxies 1s 
visible into the infrared. 
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Infrared is heat 
recKenr-naloyel 

Our eyes can’t see 
it, but our skin 
can feel it 
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James Webb Space Telescope (JWST) 


Backplane Optical Telescope Element (OTE) 


Primary Mirror 
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International collaboration with ESA & CSA Surismtets 
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Technology 


Instruments: 
Near Infrared Camera (NIRCam) — Univ. of ; 
Arizona - : OTE Secondary 
Near Infrared Spectrograph (NIRSpec) — ESA y ; 
Mid-Infrared Instrument (MIRI) — JPL/ESA 
aa Tat=mCiUi(er-laler-Mel-val-1e) mm (al Clo) Ream Ose 
Operations: Space Telescope Science Institute 
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meter diameter segmented adjustable JWST Science Themes 
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instruments for infrared performance 


Launch June 2013 on an ESA-supplied 
Ariane 5 rocket to Sun-Earth L2 


5-year science mission (10-year goal) 
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no JWST Orbits the Sun-Earth Lagrange Point L2 


IY L1-3, Leonhard Euler, 1750. 


a L4 & 5, Joseph-Louis 
Lagrange, 1772 
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van JWST Deployment video 
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JWST Technology 


Backplane 
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Near-Infrared Detector 


Mid-Infrared Detector 





Testbed Telescope 


e 1/6 scale model with all the same 
adjustments 


e Proves that all the adjustment 
procedures work as expected 
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Four science instruments enable imagery and spectroscopy 
over the 0.6 — 29 micron spectrum 








NIRCam 
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a ‘End of the ghar ages’ first. 
Aight? ae 


bg : . , | .: a 
S. Beckwitlfand 
' + HUDF team , 2004 
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How do galaxies evolve? 





Interacting Galaxies Hubble Space Telescope » ACS/WFC » WFPC2 
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NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and STScl-PRC08-16a 
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University) 
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Where and when did the Hubble Sequence form? 
How did the heavy elements form? 
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Galaxy assembly is a process of 
hierarchical merging 


Components of galaxies have 
variety of ages & compositions 


Observations: 
— NIRCam imaging 
SamnS) X00 e: Ie) Me ROLOLO Mey aex-IE-b.@ ors 
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wba How stars and planets form? 


Deeply embedded protostar Circumstellar disk 
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10*yrs; 10-10* AU; 10-300K 10°-* yrs; 1-1000AU; 100-3000K 


10°’ yrs; 1-100AU; 100-3000K 10’ yrs; 1-100AU; 200-3000K 


PANote] (ola at=ye=)elea mom e)i-lalsiccssyiaalelis Mature planetary system 


12 Oct 2008 JWST Partners Workshop 





The Eagle Nebula 
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. The Eagle Nebula 
=-#, as seen in the infrared 


M. J. Met didhvian® oe 
ang ML Andersen, 1994 
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Planetary systems and the origins 
of life 


The star 
Fomalhaut 


Center of 
offset dust ring 


Hypothetical planet 
na (estimated to be orbiting between 
4.6 and 6.5 billion miles 
Cis from the star) 
dust ring 


Kalas, Graham and Clampin 2005 
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asa Primary Secondary 


Planet blocks light from star Star blocks light from planet 


Visible/NIR light (Hubble/JWST) Mid-Infrared light (Spitzer/JWST) 
Radius of planet/star Direct detection of photons from planet 
Absorption spectroscopy of planet’s Temperature of planet 

atmosphere Emission from surface 

JWST: Look for moons, constituents of JWST: Atmospheric characteristics, 
atmosphere, Earth-like planets with constituents of atmosphere, map planets 


water 
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Naga Terrestrial Planet Finder Concept -Interferometer 
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Wavelength (jim) 
Simulated spectrum by Angel and Woolf 
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What happened before the Big Bang? 


What’s at the center of a black hole? 
How did we get here? 
Are we alone? 
What is our cosmic destiny? 


What are space and time? 
Sra 
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.. Big Questions, open now! _ - 
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The End 


And the beginning! 


Oct. 13, 2008 Mather Munich 2008 





FIRAS Optical Path Diagram 
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The Universe at age 380,000 years as seen by Wilkinson 
Microwave Anisotropy Probe (3 years of data) 











-200 00 
Temperature (uk) relative to average of 2.725 K 
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Galaxies attract each other, so the expansion 
should be slowing down -- Right?? 


To tell, we need to 
compare the velocity we 
measure on nearby 
galaxies to ones at very 
high redshift. 


In other words, we need 
to extend Hubble's 
velocity vs distance plot 
to much greater 
distances. 
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DMR Signal Flow Diagram 
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Changing Mix of Mysteries 











Neutrinos Dark Atoms Dark 
10 % So 4.6% Energy 
0 fe 72% 
ar 
Photons Matter 
15% 23% 
Atoms 
12% 
13.7 BILLION YEARS AGO TODAY 


(Universe 380,000 years old) 


e Photon and neutrino fractions diminish 


e Dark Energy fraction grows with time 
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GX cope (Cosmic Background Explorer) History 


1974, proposals submitted to NASA 


1976, Mission Definition Science Team selected by NASA 
HQ (Nancy Boggess, Program Scientist); PI’s chosen 


~ 1979, decision to build COBE in-house at Goddard 
Space Flight Center 


1982, approval to construct for flight 


1986, Challenger explosion, start COBE redesign for Delta 
launch 


1989, Nov. 18, launch 

1990, first spectrum results; helium ends in 10 mo 
1992, first anisotropy results 

1994, end operations 


1998, major cosmic IR background results 
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vasa Significance of Spectrum 


¢ Old data were wrong! Old theories explaining 
bad data were wrong too! 


¢ Hot Big Bang explains everything here. Steady 


State theory (main alternative) doesn’t. 


¢ It was all very “simple” - just a single giant, 
very uniform “explosion” of the whole 
universe! 
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C. R. Odell et al. 1994 


Oct. 13, 2008 AV ENoeCoommhy ADbon Cel oMMAULOLs) 





